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In 140 patients with suspected intraabdominal abscess, studies were made
using gallium-67 citrate and technetium-99m labeled radiopharmaceuticals.
Gallium-67 scintigrams correctly localized 52 of 56 intraabdominal abscesses
confirmed at surgical operation or necropsy. In an additional 20 patients in
whom findings on scintigrams were abnormal, there were clinically established
infections. Sixty-one patients in whom findings on scintigrams were normal
were conservatively managed and discharged from the hospital; none proved
to have an abscess. Four false-negative and three false-positive studies were
recorded. Gallium-67 scintigraphy is a useful noninvasive diagnostic adjunct
that should be employed early in the evaluation of patients with suspected in-
traabdominal sepsis.

LOCALIZATION of intraabdominal abscesses can
prove a difficult and frustrating problem. Fre-
quently the clinical impression of an occult ab-
scess is not supported by findings on routine diag-
nostic studies including chest and abdominal
roentgenograms, intravenous urography, abdomi-
nal ultrasonography and conventional liver-spleen
scintigraphy. In these instances exploratory surgi-
cal operation is undertaken only after an extended
work-up to locate the abscess and exclude other
illnesses. The result may be extended periods of
morbidity, protracted hospital stays and one or
more operative procedures.
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Gallium-67 (67Ga) localization in inflammatory
lesions was initially recorded by Lavender and
co-workers,' with subsequent clinical and experi-
mental corroboration by other investigators.2-5
The study reviews our experience with 67Ga scin-
tigraphy in a large group of patients with sus-
pected intraabdominal abscess.

Methods and Material
Gallium-67 is a cyclotron produced radionu-

clide that decays by electron capture, has a phy-
sical half-life of 78 hours and produces gamma
energies of 93, 184, 296 and 388 kilo electron
volts (keV), which are suitable for imaging with
either scintillation cameras or rectilinear scanners.
The whole-body radiation dose is approximately
0.3 rads per millicurie which is well within ac-
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TABLE 1.-Primary Disease in 76 Patients with
Confirmed Infiammatory Foci

Number Number
Primary Disease of Cases Primary Disease of Cases

Diverticulitis ....... 16 Trauma .. 5.
Genitourinary tract 13 Malignancy ... 4
Regional enteritis ... 10 Ulcerative colitis .. 3
Appendicitis ........ 8 Septicemia ... 2
Pancreatitis ........ 8 Amebiasis ..1.....
Peptic ulcer ........ 6

TABLE 2.-Results of '7Ga Scintigraphy in Patients with
Confirmed Inflammatory Foci

Location

Subphrenic Retroperi-
Abdomen Pelv is Space toneunm

Confirmed by surgical
operation or necropsy 16 8 18 10
Confirmed clinically . 8 4 0 8
False-positive ....... 2 0 1 0
False-negative ...... 2 0 2 0

ceptable limits.6 The 67Ga for this study was sup-
plied as a sterile and pyrogen-free citrate by New
England Nuclear Corporation.

Technetium-99m (99mTc) decays with a six
hour physical half-life emitting monoenergetic 140
keV gamma radiation. Technetium-99m sulfur
colloid, 99mTc-human albumin microspheres and
99mTc-glucoheptonate were used as liver-spleen,
lung and kidney imaging agents, respectively.
These agents were prepared in the Nuclear Medi-
cine Laboratory from commercially available kits
(New England Nuclear Sulfur Colloid and Glu-
coheptonate kits, 3M Brand Human Albumin
Microsphere kit).

All studies commenced four to six hours after
the intravenous administration of 3 millicuries of
67Ga-citrate. In many patients delayed scintigrams
also were done at 24 and 48 hours postinjection.
Since approximately 15 percent of an intravenous
dose of 67Ga is excreted via the intestine,6 laxa-
tives were administered before delayed studies in
an attempt to reduce colonic activity. Appropriate
liver-lung, liver-spleen or kidney scintigrams using
2 millicuries of 99mTc-sulfur colloid, 2 milli-
curies of 99'nTc-human albumin microspheres, or
10 millicuries of 99rnTc-glucoheptonate were ob-
tained with the early 67Ga study. Anterior, lateral
and posterior images were obtained.

Both the Anger scintillation camera and rec-
tilinear scanner were employed. The camera
studies were done with either a Searle Radio-
graphics Pho/Gamma III-HP, Nuclear Data
Radicamera-60 or a General Electric Radicam-

Figure 1.-Posterior 6-hour "Ga 'mTc subtraction scmn-
tigram (liver, spleen and lungs subtracted) showing bi-

lateral subphrenic abscesses developing five weeks

after a hemicolectomy for bowel cancer.

era-IL scintillation camera using the 184 and 296
keV photopeaks, a 20 percent window and a me-
dium energy diverging collimator. The Nuclear
Data camera was equipped with two pulse-
height analyzer windows that provided the capa-
bility of counting both photopeaks simultane-
ously. Either the 184 or 296 keV photopeak was
employed when using the General Electric or
Searle Radiographics scintillation cameras. The
140 keV photopeak of 99mTc differs sufficiently
from the photopeaks of 67Ga so that combined
studies using both radiopharmaceuticals are pos-
sible. The patient is maintained in the same posi-
tion and single or double exposures, using window
settings for 67Ga and 99mTc respectively, are ob-
tained on Polaroid film and magnetic tape. The
scintillation cameras are interfaced to a Nuclear
Data ND 812 computer.

Rectilinear studies were carried out with the 3-
inch Searle Radiographics Pho/Dot scanner and
the Raytheon 5-inch dual-probe whole body scan-
ner. Range 1 (15-120 keV), 30 percent suppres-
sion and the 19-hole collimator were used with
the Searle Radiographics scanner. When scanl-
ning with Raytheon electronic pulse-height ana-
lyzer subtraction, 30 percent contrast enhance-
ment, 2:1 minification and medium-energy
collimators were used. A 85-350 keV window
was used when pulse-height analyzer subtraction
was deemed unnecessary. Scan speed was adjusted
to obtain a minimum information density of 600
counts per cu cm.

With electronic pulse-height analyzer subtrac-
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i(double arrows) and a left subphrenic Figure 4.-Posterior 6-hour "Ga-"mTc subtraction scin-
arrow). tigram (kidneys subtracted) showing a perinephric ab-

scess that developed two weeks after a colectomy for
ulcerative colitis.

tion technique, all sigal pulses corresponding to
both 67Ga and 99mTc gamma interactions from the
anterior or posterior probe are directed to both
pulse-height analyzers. One pulse-height ana-
lyzer, by way of energy selection, permits the 184

,s,~~ ~ ~ ~ ~ ~ n 29 keV:phoopekso 67Ga toFFbercodd

The second pulse-height analyzer is adjusted to
accommodate the 140 keV photopeak of 99mTc.
Each pulse-height analyzer is normalized to 100

. percent over the appropriate area. Two scinti-
scans are produced simultaneously. One repre-
sents the distribution of 67Ga while the other
represents the distribution of 67Ga minus the dis-
tribution of 99mlTc.
Results

This series is comprised of 140 patients with
suspected intraabdominal abscess referred to the
Nuclear Medicine Laboratory during the interval
from January 1973 to January 1976. All patients

rior 4-hour 'Ga scintigram showing a had fever; most had a variety of clinical and
abscess, fistula tract and right upper laboratory abnormalities suggestive of infection.
;s two weeks after a splenectomy and

I ayisacstepsil ieo novmnsection for abdominal trauma. I ayisacstepsil ieo novmn
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I

Figure 5.-Anterior 4-hour T7Ga scintigram showing a
chronic tubo-ovarian abscess in a patient with a fever
of undetermined origin. Normal bladder activity is pres-
ent below the abscess.

was either not evident or only suggested by rou-
tine diagnostic studies. In most patients signs of
sepsis developed as complications of diseases,
operations or injuries of the gastrointestinal or
genitourinary tracts (Table 1).
The results of 67Ga scintigraphy with respect

to general location are summarized in Table 2.
Patients with pyelonephritis were excluded from
the group with retroperitoneal infections. Gal-
lium-67 scintigrams correctly localized 52 of 56
deep abdominal abscesses confirmed by either
surgical operation or necropsy. Examples are
shown in Figures 1 through 7. An additional 20
patients with clinical evidence of deep abdominal
infection and abnormal scintigrams were con-
servatively managed with antibiotics, which re-
sulted in gradual defervescence and clinical im-
provement. In all likelihood, these latter cases
represented 67Ga localization in areas of diffuse
inflammation rather than organized abscesses. In
four of these patients repeat 67Ga scintigrams

Figure 6.--Anterior 24-hour 17Ga scintigram showing a
deep pelvic paravaginal abscess that developed fol-
lowing pelvic trauma.

carried out at intervals of three to six weeks
showed resolution of the previous abnormality.

Sixty-one patients with fever and negative scin-
tigrams were conservatively managed and dis-
charged from the hospital. These studies had been
obtained in patients with septicemia, in postopera-
tive patients or in patients with predisposing
gastrointestinal or genitourinary tract disease to
rule out the possibility of an occult abscess. None
of these patients proved to have an abscess.

Four patients with false-negative, studies had
surgically confirmed abscesses. The reason for the
false-negative results is unclear though probably
related to insufficient target-to-background ratios
for abscess differentiation. Three false-positive
studies were recorded. In retrospect, two of these
represented errors in interpretation due to residual
colonic activity. Although both had been nega-
tive on early scintigrams, they were subsequently
judged abnormal on the basis of delayed studies.
Purgatives had been contraindicated in both pa-
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Figure 7.-Anterior 24-hour 7"Ga-"mTc subtraction scin-
tigram (bladder subtracted) in a patient with diverticu-
litis and a peridiverticular abscess.

tients. The third false-positive study represented
over-zealous interpretive error.

Discussion

Based on our experience, 67Ga scintigraphy is
warranted in patients with suspected intraabdomi-
nal abscess, particularly when other diagnostic
modalities yield negative or equivocal results.
Gallium-67 scintigrams not only localized 52 of
56 confirmed abscesses, but also proved instru-

,~~~~S,

mental ~irungo tineto in 61 paietsorg

sults in this and other reported series8 can be
reassuring, particularly in postoperative patients
in whom fever may develop for a variety of rea-
sons. In addition, negative 67Ga scintigrams in
patients with evidence of sepsis strongly suggest
that a localized focus is not present or that its
size may be too small to be detected by other
means.
The common practice in most laboratories is to

delay 67Ga scintigraphy for 24 to 72 hours after
the intravenous injection to ensure optimal target-
to-background ratios for abscess differentiation.
Previous studies from this laboratory have shown
this practice unwarranted due to the avidity of
67Ga for inflammatory sites.9'10 If early scinti-
grams are negative or questionable, delayed
studies can then be obtained. To routinely delay
67Ga scintigraphy in septic patients not only limits
its clinical utility, but also contributes to pro-
longed patient morbidity.

Approximately 20 to 30 percent of an intra-
venous dose of 67Ga-citrate is excreted by the
kidneys,6 with most of this occurring in the first
24 hours postinjection. After the first day the
liver and biliary tract become the major route of
excretion; therefore an additional advantage of
early scintigraphy is the ability to image the ab-
domen without undue interference from colonic
activity. Some bowel activity may be seen on early
scintigrams though it is not nearly as pronounced
as that present on 24 or 48 hour studies. When
present, it is generally confined to the area of the
cecum and right colon. Early scintigrams are par-
ticularly helpful in patients in whom cathartics
are contraindicated.
The property of 67Ga to localize in liver and

spleen as well as in inflammatory foci can prove
a problem in subphrenic abscess if target-to-back-
ground ratios are insufficient for abscess differ-
entiation. This is of considerable import as the
subphrenic space is the most common site of a
postoperative abscess."l The combined study using
67Ga-citrate and 99mTc-sulfur colloid is particu-
larly helpful in this regard. The limits of the liver
and spleen can be readily defined with 99mTc-
sulfur colloid and the site of any abnormal 67Ga
localization outside these areas more accurately
assessed. Combined studies using 99mTc-gluco-
heptonate to image the kidneys are helpful in
cases of suspected perinephric abscess. In our
experience, combined studies using the Raytheon
rectilinear scanner with electronic pulse-height
-analyzer subtraction proved preferable to com-
bined studies with the scintillation camera as it
provided scintigrams that were easier to interpret.
The mechanism of 67Ga localization in inflam-

matory foci has not been clearly elucidated. Sug-
gested mechanisms include 67Ga protein com-
plexes accumulating about the inflammatory site7
and the in vivo labeling of granulocytic leuko-
cytes that migrate to the inflammatory focus.'2 A
decrease in circulating granulocytes has correlated
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with both a diminution in intensity and delay in
onset of 67Ga detection in experimental inflam-
mation.'3

In summary, 67Ga scintigrams correctly local-
ized 72 of 76 deep abdominal inflammatory foci.
Gallium-67 scintigraphy is a useful noninvasive
adjunct that should be employed early in the
diagnostic work-up of a febrile patient with sus-
pected intraabdominal sepsis.
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Correcting Inverted Nipples
I feel that there is a way that we can correct this abnormality [inverted nipples].
First, you instruct the girl to make an imaginary cross on her breast, using the
nipple as the center part of the cross and making the arms of the cross at a 90-
degree angle. In other words, there's a vertical line and a horizontal line meeting
over the nipple. Then, she presses into the breast tissue adjacent to the areola
and extends pressure laterally along the arms of the cross, first vertically and
then horizontally (preferably done by the girl after a bath or a shower when the
tissue is softer). She will find that over a period of time the inverted nipple will
gradually become everted. Now after some eversion has occurred, it is important
to grasp the partially everted nipple and pull it out further. If this is done
repeatedly over a period of time, it does correct the inversion. . . . However, I
must quickly add that even though the inversion has been corrected, I cannot
guarantee that it would be satisfactory for breast feeding. However, I urge that
this approach be tried.

-J. BROOKS HOFFMAN, MD, Greenwich, CT
Extracted from Audio-Digest Obstetrics and Gynecology, Vol.
23, No. 12 in the Audio-Digest Foundation's subscription series
of tape-recorded programs. For subscription information: 1930
Wilshire Blvd., Suite 700, Los Angeles, CA 90057.
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